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Introduction
The surface plasmon (SP) is a charge density wave propagating along metal surface and transverse magnetic (TM) wave [1] , having strongly confined and enhanced electromagnetic field on the metal surface. Thus, there is a great interest in excitation of various luminescent materials by the SP. SP is particularly useful for the excitation of materials with very small absorption and of those which require strong excitation power [2] - [3] . The Er 3+ ion shows fluorescence at 1.5 µm band due to the 4 I 13/2 4 I 15/2 transition, which is utilized as optical amplification in telecommunication. The Er-doped fiber amplifiers (EDFA) have played a major role in the fiber-optic communication. Downsizing of these amplifier devices is required in order to apply for optical-integrated circuit, therefore the planar waveguide amplifier of Er 3+ -doped material have attracted attentions. In addition Y 2 O 3 has various advantages for host of Er 3+ in waveguide amplifier due to a high refractive index, broad transparency range, good thermal conductivity and low phonon energy as well as excellent solid solubility for lanthanide ions [4] - [5] . The excitation method of planar waveguide amplifier generally was forward, backward or bidirectional pumping. However, if side excitation is used, coupling of excitation light with high electromagnetic field such as laser is necessary to be absorbed by thin film with small absorbance and to make population inversion between 4 I 13/2 and 4 I 15/2 . Utilization of the enhanced electromagnetic field of SP for excitation can be an efficient way to achieve efficient population inversion and efficient absorption rather than that of the conventional laser beam. The direct coupling between the excited states of Er 3+ and SP has been reported to increase the fluorescence rate constant [6] - [7] . The effectiveness of the plasmon sensitized or enhanced excitation of the Er 3+ ions by using silver nano-particles has recently been demonstrated [8] . Silver nanoparticles, which effectively generate a localized SP field with far-field excitation on their surfaces [9] , are particularly useful for the enhancement of micro-or nano-crystallite fluorophores used as biological and medical markers as well as photonic materials [10] - [14] . In contrast, however, the interaction between the propagating SP field and 4f electrons, which is also important for the development of optoelectronic devices, is not yet clear. Here, we report the SP excited luminescence at 1530 nm of the Er 3+ -doped Y 2 O 3 thin film that is prepared by pulsed laser deposition, PLD.
Experimental
A polycrystalline target for PLD with composition of 99Y 2 O 3 -1Er 2 O 3 in mol% was prepared by using reagent grade Y 2 O 3 (99.99%) and Er 2 O 3 (99.99%) as starting materials. The powders were well mixed in an alumina mortar, pressed into a pellet of 20mm-diameter by pressing machine (Sansho Industry Co., Ltd., NT-100H) and sintered at 1600 °C for 3 h. The obtained Er 3+ -doped Y 2 O 3 pellet target was placed in a vacuum chamber and ablated by the fourth harmonic of Nd:YAG laser (λ=266nm, f=10Hz) that have approximately 15 mJ/puls. The film was deposited on an amorphous quartz substrate at 800 °C under 20 mTorr O 2 atmosphere in the chamber. The substrate was ultrasonic-cleaned beforehand in acetone solution for 20 minutes. The crystal phases of the obtained thin film and Er 3+ -doped Y 2 O 3 polycrystalline target were identified by X-ray diffraction (XRD) measurement (Shimadzu, XRD6000). The luminescence spectrum of the polycrystal in the range of 400 nm1700nm by directly irradiating with 970 nm laser diode (LD) were measured by using a CCD detector of visible range (Ocean Optics, USB2000) and a CCD detector of infrared range (Ocean Optics, NIR-512) with a bifurcated optical fiber of 400µm-core. In the luminescence spectral measurement of the thin film, the 970 nm laser was coupled with Er 3+ :Y 2 O 3 thin film by a prism-coupling system (Mutsumi Corporation, MPC-04). The detection method was the same as described above.
For surface plasmon excitation, the Er 3+ -doped Y 2 O 3 film was covered with about 30 nm-thick Ag film that was deposited by PLD at room temperature in 20 mTorr Ar atmosphere. The film was attached to a rutile prism with index matching oil (methylene iodide containing sulfur solution, n = 1.78) to make the attenuated total reflection (ATR) configuration. This configuration was located on a θ stage to vary the incident angle of the 970 nm laser into the prism. The 970 nm laser was s-or ppolarized by a Glan-Thompson polarizer (Newport, P043094). The power of reflected laser beam was measured by a power meter (Molectron, POWERMAX 500D). The luminescence spectra were measured by the CCD detector of infrared range. This measurement system by SP excitation is shown in Figure 1 . Figure 3 shows the Optical transmittance spectrum of the Er 3+ :Y 2 O 3 thin film. The film showed high transmittance over wide range of wavelengths. It can be seen that interference of waves attributed to the thin film bounded by two transparent media, air and quartz substrate. The thickness, d of the thin film can be calculated by using equation (1) [15] .
Where n is the refractive index of thin film, λ 1 and λ 2 are the wavelengths of adjacent maxima and minima of transmittance oscillation, respectively. The thickness of the Er:Y 2 O 3 thin film (n=1.78) was calculated to be about 260 nm from transmittance oscillation. Although the thickness is too thin as a waveguide, thinfilms have advantages to estimate the surface plasmon effect to Er 3+ in the thin film because penetration depth of surface plasmon is generally from a few nanometres to a few hundreds nanometres and to increase excitation light density due to confinement effect. Figure 4 shows the upconversion luminescence spectra of Er 3+ :Y 2 O 3 polycrystalline target and thin film by pumping with 970 nm. The green upconversion luminescence at 550 nm ( 2 H 11/2 , 4 S 3/2 4 I 15/2 ) and the red upconversion luminescence at 660 nm ( 4 F 9/2 4 I 15/2 ) were equally observed in the Er 3+ :Y 2 O 3 polycrystalline target, while in the Er 3+ :Y 2 O 3 thin film the luminescence at 550 nm was larger than that at 660nm. It is considered that the excitation light density in the luminescence spectral measurement of the thin film was higher than that in the polycrystalline target due to confinement effect of waveguide. Figure 5 shows the Stokes luminescence spectra of Er Figure 6 (b) shows the incident angle dependence of reflectance for s and p-polarized light. No specific response was observed when the s-polarized light was used. Dips due to reflectance attenuation were obtained at 47˚ and 51˚ only when the p-polarized light was used. These two surface plasmon resonance (SPR) angles can be attributed to symmetric surface plasmon and asymmetric surface plasmon [1] . Furthermore the luminescence at 1530 nm was observed by using the p-polarized laser beam, while no luminescence was observed at any angles when the s-polarized laser beam was used ( Figure 6 (a) ). These results of selective sensitivity to the p-polarized laser beam and insensitivity to the s-polarized laser beam are consistent with characteristics of SP. In addition, the angles at which luminescence intensity becomes maxima corresponded to the SPR angle. 
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Conclusion
The Er 3+ -doped Y 2 O 3 thin film oriented in the direction of <111> on an amorphous quartz substrate by PLD was obtained. In the angle dependence of ATR, two SPR angles were observed. The angles at which luminescence intensity shows maxima corresponded to the SPR angle. The Er 3+ -doped Y 2 O 3 thin film was excited by the propagating SP field and showed the luminescence at 1530 nm. These results indicate possibility of planer waveguide amplifier by side excitation of surface plasmon.
